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Abstract: In milk production, integrated maize silage planting and dairy cow breeding system (IPBS) is considered to be a more
sustainable production mode to realize manure, straw and maize silage recycling, which is widely popularized in China. Clarity of
mode’s economic and environmental performance is supportive of government to formulate relevant policies for promoting
sustainable development in milk production and assisting dairy farms with optimal technologies to get lower environmental risks and
higher economic benefits. In this study, based on life cycle assessment (LCA), environmental performance and economic benefits of
non-IPBS and IPBS were compared, there was only cow breeding in non-IPBS; maize silage planting was introduced in IPBS. The
results showed that the net income for producing 1t of fat and protein corrected milk (FPCM) in non-IPBS was 1427Chinese yuan
(CNY), while in IPBS, the net income could increase by 7% compared with non-IPBS. In IPBS, self-sufficiency rate of maize silage
was only 32%, if it raised to 100%, the net income could be upgrade by 19% compared with non-IPBS. In addition, land transfer cost
also influenced the net income in IPBS, when the cost increases to 14695RMB/hm?, the net income for producing 1t FPCM in IPBS
would be the same as that of non-IPBS. Compared with non-IPBS, IPBS has better environmental performance, specifically, GHG
emissions, non-renewable energy use, water use and land use reduced by 6%, 6%, 5% and 7%, respectively. If the self-sufficiency
rate of maize silage rises to 100% in IPBS, environmental indicators mentioned above will reduce by 16%, 16%, 11% and 14%,
respectively. In milk production, IPBS has great potential in increasing net income from reducing feed costs, and contributing in
reducing GHG emissions, non-renewable energy use, water use and land use.
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Table 1 Basic information of two systems

E] non-IPBS IPBS
WILA (k) 81.4 129.6
TWIAE k) 24.5 30.8
"R k) 62.2 102.0
B k) 28.1 39.7
B k) 196.1 302.2
PR (kg/3k) 8588 8781
UG (Ot/ke) 3.63 3.64
FYEAETUE (%) 332 331
A YR (%) 3.78 3.77
FPCM (t) 890.1 1480.7
W3 M (hm?) 0 13.0
FI TN G350 TR B (hm?)? 0 10.4
INFE P (kg/hm?) 0 6927
I TR (t/hm”) 0 39743
BT KESRE (%) 0.0 31.8
AL EHHZE (%) 0.0 28.9
FEAC 38 45
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Table 2 Inputs and outputs for wheat-maize silage planting in
IPBS (for per ItFPCM)

Byt JiH ME—FHIEK
TRABNN) (kg/t) 2.370 (269)
LA P,05) (kg/t) 0.677 (77)
TRAE(K,0) (ke/t) 0.507 (59)
HHUALN) (kg/t) 3.718 (503)
BN
. (kW-h/t) 10.728 (1370)
OGN 0.895 (113)
WEBE /K (mP/t) 21.457 (2740)
HAEFRIT R (m’/) 79.381
po INFE P R (kg/t) 56.555

TR i (kg/t) 318.667"

VER PR N SR S TR B R A FPCM L, T
& FETH I L P AT PN 7= H 3 S B 38 42 e T i SO
KB R A A BT HEN, K 5 8 55 A0 DG 7T He g <a” e T 7R B 3 B
Hl PRI A5 b 2 2 AR M, TR 37 2 X2 2R 1) 4t T FEAS
T A B 1 AR ST P B A T Bt 2 4 i T
TRGEWNHEL.

F* 3 MEIRTEESAHRE T
Table 3 Emission factors for calculating GHG emissions in

wheat-maize silage planting

P HE A
CO,eq N,O
A E RN (kg/kg)PH 7.76 -
A PR IE(P,0s) (kg/kg)P!! 233 -
AP (KL0) (kg/kg)P! 0.66 -
W ALIEN) (kg/kg)!'™ - 0.0105
A HUIEN) (kg/kg)!'™! - 0.0105
P HL [kg/(KWeh)]P2 0.592 -
A AR SE (ke/L)P! 3.73 -
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Table 4 Inputs and outputs for cow breading in two systems
(for per 1tFPCM)

KH TiH non-IPBS IPBS
WA kit 0.113 0.111

FwILA Gk 0.030 0.025

B Gk 0.072 0.072

B Gk 0.033 0.032

WHREL (vt 0.235 0.228

KR (1) 0.115 0.111

T (/) 0.053 0.051

FEk (th) 0.044 0.043

BA SN K (1) 1.030 0.682
A5 £k (1) 0.000 0.318

B (V) 0.113 0.108

M (V1) 0.124 0.115

EH (t) 0.305 0.290

Kk (1) 0.039 0.038

L (KW-h/t) 103.460 110.443

seuh (L) 2.265 2.183

K (m’/) 10.647 10.200

LH A (m?) 15.695 13.975

FPCM (1) 1.000 1.000

o HEAEA (ke/t) 0.920 0.798
BN (ke/t) 13.977 11.445
WMERHL (kg/t) 1.185 2.209

x5 SMWRREEFEREPRIREZIEE kg TYR)
Table 5 Emission factors for calculating environmental

impacts in purchased feed production (per kg 'DM)

S =S fieFt 7J<?‘¢J:$E b
(kg COreq)  (MJ) (m’) (m?)
P S i 0.7368 5.943 0.534 1.604
F AR 0.2748 2311 0.158 0.580
R 0.5716 7.299 0.765 2.904
HNETFI AT 0.2248 1.757 0.181 0.550
2l 0.2000 0.350 0.167 0.423
ez 0.2820 2.145 0.309 0.515
HER 0.2480 2.156 0.703 1.091
! 0.8146 7.552 0.726 0.773

1.3.3  FEMEALBEFAYY Pl A2 F I Bt SR
WrR gy b ST HEM S BOLR 7 A ST AL BEEA Y2
Tofp oK) A Ak B 75 5 (), 246 A8 3 SR HE A 7 e
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&6 WiHEAiE CH, HEMFI 4 & 28 CH, HEM
Table 6 Emission factors for calculating CHyemissions in

various cows

HEH T kg CHY/CL-4F)™!

IiH
JhiE CH, e esh
WAL 61.00 9.00
LA 47.00 1.00
B 36.15 1.00
e 10.40 1.00

R HEBHE R

Table 7 Excreted parameters of manure for various cows

Bl gE| WIE TWRAERE B
Het & [ke/Ch-d)] 32.84 18.57 9.29
o TN HBI (%) 0.56
TP LB (%) 0.07
TOC Efl (%) 5.03
Het & [keg/CGh-d)] 13.24 2.62 131
TN LB (%) 0.50
PRI TP LB (%) 0.02
COD il (%) 2.79
TOC tufl (%) 0.70
ERVEB AT (VS) -
[kg/Ck-d)] '

TEABFLA LU B R BTV e LU B R B 2 AT VB

#=8 MEXATEESEE ™ UWFPCM)BIEAS~Y

Table 8 Manure management in two systems (for per
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A A BIE BT 200, R0 AR PR IR B, S AR SR AR
AN I SRR, R v A NE 8 Hh 375 4 T 2
VA NE 3 280 Jo) LA FH B SR B M b - as e
B340 Tkm.2 B I LA iDL 2 P 2 A ) vk 4
TRL SR FORRIRI A B R B T g 38 e B
2y S0km AFR B HN A, IS HifE B4 1830km. 5
K H BT S HPE 2 1720km. HE2 F1E 1ok

FH IE ) 18000km. % 10 41 i B bl kLG
HLIE S i (1375 532 B A 4 (0 L & 00k HE TR 4l
Ecoinvent Database v3.7 141%)(% 11).

9 HREsEESEHMETF
Table 9 Emission factors for calculating environmental

impacts in manure composting

TiH L i JE A3
CH, 7Ef=# P m*CH,/kg VS 0.13
HERE R CH, A0 R 707 % 0.5
N,O B KA 7P % 1
IR -8 % 40
N,O [ R 7ok B N 507 % 1
CO, Hi P4 kg/t JEfd 36.201

£10 AHEXTEEE WFPCM)BARFI A HLARIEH
Table 10 Transportation for fodders and organic fertilizer in
two systems (for per 1t FPCM)

ItFPCM) ;
TiH non-IPBS IPBS
pat IH non-TPBS IPBS WGFEL(ckm)/] 11.8 114
A (1) 1.931 1.868 TR (tkm)/t] 5.8 5.6
WRIBGK (/) 11.215 10.753 TAA[(tkm)/t] 2.7 2.6
LN B (KW-h/t) 1352 1.308 FE[(tkm)/] 2.2 2.2
S (L) 2.577 2.493 AN I K [(tkm)/A] 309 20.5
tdb A (/) 1.700 2.760 |7 AR K [(rkm)/e] 0.0 03
. AHAE (v 0.751 0.728* HAE(tkm)A] 2034.0 1944.0
fLHj Vi b S
WAL (Vo) 10.654 10.215 HEFZ [(rkm)/t] 2232.0 2070.0
T IR S R R P L e AT 0.2 100 HLAE A T 92t btk SERE[(tkm)/t] 524.6 498.8
B A Rt e AT 2. 9526 AR N T 73 . HFF(tkm)/] 714 69.5
SMEAHUIE[(tkm)/t] 15.0 10.4
- - - WAARRL[(tkm)/t] 10.7 10.2
1.3.4  GEFEPILEHEIAT  AEmEAE iUz A HLIEL (km)/] 0.0 0.2

IR 2 AR AN R Z ARE T I KA L

@ S HUH AR B LFPCMAR 2K A ISP L5 S i i ) e,
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F 11 TREHARXMRESEERSEMAE
Table 11  Emission factors for calculating environmental

impacts and transport costs in transportation

. ” COyeq B 7 IEHRA
FEHH e s N
[kg/(t-km)] [JC/(t-km)]
MR (3000TEU) 0.0052 0.012
iz M (5000TEU) 0.0037 0.009
MR (8000TEU) 0.0034 0.008
MR (10000TEU) 0.0031 0.007
INEHE (2.5) 0.1896 0.852
fitiiz HIRTE (1) 0.1129 0.507
KFEZ%E (201) 0.0632 0.284

VESTEU” 0 SEREFA AR AT | bR HETEU W] 36 29250 7 sl 42 2
Pl 8 R EE 4 28 R A0 HE TR 1R 3448 Bl 38 v M e R 4 30 E
KIEFE i AAPICEH b NI ZE RIS i, 2 R 13 A
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2.1 PRI R AR B Rk a R BT A
%} non-IPBS Fl IPBS ] 4573k 35 0 M1 2
W1,IPBS JH ik B 7= 15 7 oK, BEAR DR A, AT 3
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Table 12 Economic benefits and environmental costs for

producing per 1t FPCM in two systems

EtES IiH non-IPBS  IPBS
SN TR A (T8t 2238 2008

PR A (T/) 0 195

TFEE. SeMH (Ot 70 79

eI FI L, Seah TR A (o) 14 14
SMNEBRBERIRA (e/)° 411 385
ST el (o) 3723 3745
ANEA IR WHARON o) 414 389
NERERN (T 0 131

HIEHERN Ot 23 16
Wil o/t 1427 1600
SERR AL (TS 1427 1526
2RI AL (kg COseq/t) 1301 1229
- SR REVRFE (MU/t) 4581 4320
A SEBRAIEAE (m'f) 405 386
Sehr At (mP) 1471 1376

ot 3t ARG o) - 2
i SRR (T 1427 1602

e G0 U R0 R TSI N % B 3 10 45 IO AR R g P ) A
FPCM b, A B 8T AR . Wy R By B gl BigR o 18, Jk
it A3 2l FH 485 <0 BT PRTE S R DA ) A A 2 ISR 3% (R0 s,
FRIH I AT A AR IS 3 A B AR A A 7T S (1)
“o” SR A FR A BB/ AL R A R 2, T T ed S BRER
FEASTE RGP HERR N B, IKEEA- . AR WA
KA MY RIS 5 R (¥ Al LLFPCMI B BE JA, T
[i).e” il 5 S ARIRH 25 2 MR I TPBS [ i 2 A P I HE B 3T 43, Bt
o R3070/1.

FEHR %= SAKHEBOT 1 non-TPBS “E7% 1t FPCM
(RHEECA 1301kg CO,-eq(R 12), A1 [ Ak i 2
5 P (R AR HE IR A — S A [ S
HOP JEL AR 2B R S AR HE T AE s R



3950 A 41 %

T T 22 2 49 A 7 1R = A R TR O A
non-IPBS,IPBS %™ 1t FPCM K3 % S AAHE B0
b 6%,1X FEE R R H 5 I KA PR I R b
5D B IE (R 2), 1 1 PR AR A BE 52 1 .non—TPBSS
A7 1t FPCM FIRETRIEFE . K FE. M5 400
oy 4581MJ. 405m’. 1471m?, 1 IPBS #1 F F# 6%.
5%- 7%. AR E IPBS — J7 [ AE 75 I T K Ak 3R
IR IR K ] &, o — T AR I R
b9k D T I R KRN ATUE ) 18 B e FE, 4 Ak L BRI
U FPCM [P & ARG i /K3 RERI
REVR I AE.

#z 13 FIEXE FPCM EERIATHEFHE SINER K
Table 13 Economic benefits and environmental costs in

fodders production in two systems (for per [tFPCM)
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Table 14 Economic benefits and environmental costs for cow

breading in two systems (for per ItFPCM)
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Table 15 Economic benefits and environmental costs for

manure management in two systems (for per 1tFPCM)
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Table 16 Economic benefits and environmental costs for

transportation in two systems (for per 1tFPCM)
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Table 17 Effects of land transfer cost and silage corn price

changes on farm economic benefits
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Table 18 Effects of changes in silage self-sufficiency on farm

economic benefits and environmental costs
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